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SEMICONDUCTOR DEVICE AND 
METHOD FOR FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a semiconductor device, 

which has a superfine structure contributing to ultralarge- 
scale integration of a semiconductor integrated circuit and 
can operate at a high speed with its power dissipation re- 
duced , and also relates to a method for fabricating the same. 
10 As ultralarge-scale integration of semiconductor inte- 

grated circuits advances, miniaturization of MIS transistors 
is demanded more and more strongly. For that purpose, an MIS 
transistor with a shallow junction is now in high demand. 

FIG. 5 illustrates a cross-sectional structure for a 
15 known MIS transistor with a shallow junction. A gate elec- 
trode 3 has been formed over a p-type semiconductor substrate 
1 with a gate insulating film 2 interposed therebetween. In 
respective surface regions of the semiconductor substrate 1 
that are located on both sides of the gate electrode 3 (i.e., 
20 regions to be source/drain regions), high-concentration dopant 
diffused layer 5, extended high-concentration dopant diffused 
layer 6 and pocket dopant diffused layer 7 are formed. The 
high-concentration dopant diffused layer 5 is formed to have a 
deep junction by diffusing an n-type dopant (e.g., arsenic) 
25 thereto. The extended high-concentration dopant diffused layer 
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6 is formed inside the high-concentration dopant diffused 
layer 5 by diffusing an n-type dopant (e.g., arsenic) thereto 
and has a junction shallower than that of the high- 
concentration dopant diffused layer 5. And the pocket dopant 

5 diffused layer 7 is located under the extended high- 
concentration dopant diffused layer 6 and has been formed by 
diffusing a p-type dopant (e.g., boron) thereto. Also, a 
sidewall 8 has been formed out of an insulating film on the 
side faces of the gate electrode 3. 

10 Hereinafter, a method for fabricating the known MIS 

transistor will be described with reference to FIGS. 6(a) 
through 6(e). 

First, as shown in FIG. 6(a), a gate electrode 3 is 
formed over a p-type semiconductor substrate 1 with a gate 
15 insulating film 2 interposed therebetween. 

Next, arsenic and boron ions are implanted in this order 
as n- and p-type dopant ions, respectively, using the gate 
electrode 3 as a mask, thereby forming n- and p-type- ion im- 
planted layers 6A and 7A, respectively, as shown in FIG. 
20 6(b). 

Then, a silicon nitride film is deposited over the en- 
tire surface of the semiconductor substrate 1 at a tempera- 
ture of about 700°C, and then etched anisotropically , thereby 
forming a sidewall 8 on the side faces of the gate electrode 
25 3 as shown in FIG. 6(c). 
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Subsequently, arsenic ions are implanted as n-type 
dopant ions using the gate electrode 2 and sidewall 8 as a 
mask. Then, annealing is conducted at a temperature between 
about 900 °C and about 1000 °C for about 10 seconds. In this 

5 manner, n-type high-concentration dopant diffused layer 5 with 
a deep junction, n-type extended high-concentration dopant 
diffused layer 6 located inside the high-concentration dopant 
diffused layer 5 and having a junction shallower than that of 
the high-concentration dopant diffused layer 5 and p-type 

10 pocket dopant diffused layer 7 located under the extended 
high-concentration dopant diffused layer 6 are formed as shown 
in FIG. 6(d) . 

Thereafter, a cobalt film and a titanium nitride film are 
deposited in this order to thicknesses of about 10 nm and 

15 about 20 nm, respectively, over the semiconductor substrate 1 
by a sputtering process. Next, annealing is conducted at a 
temperature of about 550 °C for about 10 seconds. Then, the 
titanium nitride film and unreacted parts of the cobalt film 
are selectively etched away using a mixture of sulfuric acid, 

20 hydrogen peroxide and water. And then annealing is conducted 
at a temperature of about 800°C for about 10 seconds. In this 
manner, a cobalt silicide layer 9 is formed to a thickness of 
about 30 nm on respective surfaces of the gate electrode 3 and 
high-concentration dopant diffused layer 5 in a self-aligned 

25 manner as shown in FIG. 6(e). 
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In the known MIS transistor fabrication process, the im- 
plant energy of arsenic ions for the n-type-ion implanted 
layer 6A, which is provided to form the extended high- 
concentration dopant diffused layer 6, is lowered to make the 

5 junction of the extended high-concentration dopant diffused 
layer 6 shallower and thereby increase the driving power of 
the MIS transistor. Also, to reduce the parasitic resistance 
of the source/drain regions, the implant dose of the arsenic 
ions is normally increased in this case. 

10 However, if the n-type-ion implanted layer 6A is formed 

by implanting the arsenic ions at a high implant dose and with 
a low implant energy, then transient enhanced diffusion (TED) 
of arsenic and boron (i.e., dopants for the n-type-ion im- 
planted layer 6A and pocket dopant diffused layer 7) occurs 

15 during the lower-temperature (e.g., about 700 °C ) annealing 
process to be carried out after that to form the sidewall 8. 
In that case, the extended high-concentration dopant diffused 
layer 6 and pocket dopant diffused layer 7 cannot be formed to 
have respective shallow junctions as designed. It should be 

20 noted that the transient enhanced diffusion is a phenomenon in 
which an introduced dopant unintentionally diffuses at such a 
rate as exceeding its diffusion coefficient in thermal equi- 
librium state. This is because point defects, existing in ex- 
cessive numbers between lattice sites, and the dopant interact 

25 with each other to mutually enhance their diffusion. 
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FIG. 7 illustrates profiles of the dopant ions, which 
have been introduced to form the extended high-concentration 
dopant diffused layer 6 and pocket dopant diffused layer 7, in 
the depth direction (i.e., the direction indicated by the line 

5 A-A' in FIG. 5). As can be seen from FIG. 7, the profile of 
arsenic for the extended high-concentration dopant diffused 
layer 6 as plotted in the depth direction shows that its dif- 
fusion is rather deep due to the transient enhanced diffusion 
effects during the anneal. Boron for the pocket dopant dif- 

10 fused layer 7 has also been much affected by the transient en- 
hanced diffusion so that its profile has lost sharpness. As 
also can be seen from FIG. 7, according to the known method, 
it is difficult to form the extended high-concentration dopant 
diffused layer and pocket dopant diffused layer just as in- 

15 tended, i.e., so that these layers have shallow and sharp 
dopant profiles and exhibit excellent short channel effects. 

SUMMARY OF THE INVENTION 

In view of the foregoing, an object of the present in- 
20 vention is providing a semiconductor device that can shallow 
the junction depths of extended high-concentration dopant dif- 
fused layer and pocket dopant diffused layer and can minimize 
increase in junction leakage current and a method for fabri- 
cating the device. 
25 To achieve this object, an inventive semiconductor de- 
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vice includes: a gate electrode formed over a semiconductor 
region with a gate insulating film interposed therebetween; 
an extended high-concentration dopant diffused layer of a 
first conductivity type that has been formed in part of the 

5 semiconductor region beside the gate electrode through diffu- 
sion of a first dopant; and a pocket dopant diffused layer of 
a second conductivity type that has been formed under the ex- 
tended high-concentration dopant diffused layer through diffu- 
sion of heavy ions. The pocket dopant diffused layer includes 

10 a segregated part that has been formed through segregation of 
the heavy ions . 

In the inventive semiconductor device, the pocket dopant 
diffused layer is formed through diffusion of a dopant of a 
second conductivity type that has a large mass (e.g., in- 

15 dium) . A dopant with a large mass shows a small diffusion 
coefficient in its thermal equilibrium state. In addition, 
most of point defects, which have been created in excessive 
numbers due to the damage involved with implantation, are 
trapped into a dislocation loop layer. That is to say, the 

20 number of freely movable, diffusible point defects decreases. 
As a result, the dopant profile of the pocket dopant diffused 
layer sharpens. Furthermore, the dislocation loop layer is 
formed inside the pocket dopant diffused layer and segregated 
parts are formed in the dislocation loop layer through segre- 

25 gation of the dopant with a large mass. 
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Accordingly, in the extended high-concentration dopant 
diffused layer located closer to the surface of the substrate 
than the pocket dopant diffused layer is, channeling of the 
first dopant of the first conductivity type is suppressed by 
5 an amorphous layer, which has been formed by the dopant of 
the second conductivity type that has the large mass. Moreo- 
ver, diffusion of the first dopant is suppressed by the seg- 
regated parts of the pocket dopant diffused layer, and 
therefore the junction will be shallower. As a result, the 
10 driving power of the transistor can be increased and the 
short channel effects can be minimized, thus greatly con- 
tributing to miniaturization of the transistor. 

An inventive method for fabricating a semiconductor de- 
vice includes: a first step of forming a gate electrode over 
15 a semiconductor region with a gate insulating film interposed 
therebetween; a second step of implanting heavy ions into the 
semiconductor region using the gate electrode as a mask, 
thereby forming a first ion implanted layer, at least upper 
part of which is an amorphous layer; a third step of implant- 
20 ing ions of a first dopant into the semiconductor region, in 
which the amorphous layer has been formed, using the gate 
electrode as a mask, thereby forming a second ion implanted 
layer of a first conductivity type; and a fourth step of con- 
ducting a first annealing process to activate the first and 
25 second ion implanted layers, thereby forming an extended 
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high-concentration dopant diffused layer of the first conduc- 
tivity type through diffusion of the first dopant and a pock- 
et dopant diffused layer, which is located under the extended 
high-concentration dopant diffused layer, through diffusion 

5 of the heavy ions, respectively. The pocket dopant diffused 
layer includes a segregated part that has been formed through 
segregation of the heavy ions. 

According to the inventive method for fabricating a 
semiconductor device, after an amorphous layer has been 

10 formed in a semiconductor region by implanting heavy ions 
with a large mass thereto, ions of a first dopant of a first 
conductivity type are implanted. Thus, channeling of the 
first dopant is avoidable. Also, a dislocation loop layer is 
formed near an amorphous /crystalline interface during the an- 

15 nealing process after the ions have been implanted. And 
silicon interstitials , which usually cause transient enhanced 
diffusion, are trapped into the dislocation loop layer. Fur- 
thermore, a segregated part is formed in the pocket dopant 
diffused layer through segregation of the heavy ions. As a 

20 result, the diffusion of the first dopant of the first conduc- 
tivity type is suppressed, and the extended high-concentration 
dopant layer can have a shallower junction. 

According to the semiconductor device and its fabrication 
process of the present invention, heavy ions with a large mass 

25 number (e.g., indium) are used to form the pocket dopant dif- 



fused layer. Thus, pre-amorphization effects are attainable 
by the implantation of the heavy ions. And the dislocation 
loop layer can advantageously trap the silicon interstitials . 
In addition, since indium is easily trapped and segregated in 

5 the dislocation loop layer, the extended high-concentration 
dopant diffused layer and pocket dopant diffused layer can 
both have their junctions shallowed and sharpened. Accord- 
ingly, a miniaturized semiconductor device and a fabrication 
process thereof can be provided with the inverse channel ef- 

10 fects suppressed. 

Furthermore, in the inventive method for fabricating a 
semiconductor device, indium ions are implanted at a low ener- 
gy and at a high dose to form the pocket dopant diffused 
layer. In this manner, the profile of the pocket dopant dif- 

15 fused layer can be defined at an optimum level and the dislo- 
cation loop layer can be defined not to overlap with a 
depletion layer in source/drain regions. As a result, the 
leakage current can be reduced. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(a) is a cross-sectional view of an MIS transistor 
according to an embodiment of the present invention; and 

FIG. 1(b) is a graph illustrating a relationship between 
the distance as measured from the surface of the substrate in 
25 the depth direction along the line X-X' shown in FIG. 1(a) 
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and the dopant concentrations. 

FIGS. 2(a) through 2(c) are cross-sectional views illus- 
trating respective process steps of a method for fabricating 
an MIS transistor according to an embodiment of the present 
5 invention. 

FIGS. 3(a) and 3(b) are cross-sectional views illustrat- 
ing respective process steps of the method for fabricating 
the MIS transistor according to the embodiment of the present 
invention. 

10 FIG. 4(a) is a graph illustrating a relationship between 

the distance as measured from the surface of the substrate 
and the dopant concentrations just after indium and arsenic 
ions have been implanted; and FIG. 4(b) is a graph illustrat- 
ing a relationship between the distance as measured from the 

15 surface of the substrate and the dopant concentrations where 
annealing is performed after indium and arsenic ions have 
been implanted. 

FIG. 5 is a cross-sectional view of a known MIS transis- 
tor. 

20 FIGS. 6(a) through 6(e) are cross-sectional views illus- 

trating respective process steps of a method for fabricating 
the known MIS transistor. 

FIG. 7 is a graph illustrating a relationship between 
the depth as measured from the surface of the substrate and 

25 the dopant concentrations for the known MIS transistor. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, an MIS transistor structure according to an 
embodiment of the present invention will be described with 
reference to FIG. 1(a). 

5 As shown in FIG. 1(a), a poly-metal or polysilicon gate 

electrode 12 is formed over a semiconductor substrate 10 of 
p-type silicon with a gate insulating film 11 of a silicon 
dioxide or silicon oxynitride film interposed therebetween. 
A p-type dopant diffused layer 13 to be a channel region is 

10 formed under the gate electrode 12 in a surface region of the 
semiconductor substrate 10 through diffusion of indium, for 
example. 

In respective regions on both sides of the p-type dopant 
diffused layer 13 (i.e., regions to be source/drain regions), 

15 high-concentration dopant diffused layer 14, n-type extended 
high-concentration dopant diffused layer 15 and pocket dopant 
diffused layer 16 have been formed. The high-concentration 
dopant diffused layer 14 is formed to have a deep junction by 
diffusing an n-type dopant (e.g., arsenic) thereto. The n- 

20 type extended high-concentration dopant diffused layer 15 is 
formed inside the high-concentration dopant diffused layer 14 
by diffusing an n-type dopant (e.g., arsenic) thereto and has 
a junction shallower than that of the high-concentration 
dopant diffused layer 14. And the pocket dopant diffused layer 

25 16 is formed under the extended high-concentration dopant dif- 
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fused layer 15 by diffusing a p-type dopant with a large mass 
(e.g., indium) thereto. As will be described later, the pock- 
et dopant diffused layer 16 has segregated parts, by which the 
following effects are attainable. 

5 

Pocket dopant diffused layer with shallow junction 
FIG. l{b) illustrates a relationship between the dis- 
tance as measured from the surface of the substrate in the 
depth direction along the line X-X' shown in FIG. 1(a) and 

10 the dopant concentrations. As can be seen from FIG. 1(b), 
the pocket dopant diffused layer 16 has a segregated part 
that has been formed through segregation of a p-type dopant 
with a large mass (e.g., indium). This segregated part is 
formed as a result of segregation of indium ions in an End- 

15 of-Range dislocation loop layer, which has been created in- 
side the pocket dopant diffused layer 16 during the implanta- 
tion of the indium ions. For that reason, the pocket dopant 
diffused layer 16 comes to have a sharp dopant concentration 
profile that does not expand vertically deeper into the sub- 

20 strate. As a result, the junction thereof can be shallower. 

The pocket high-concentration dopant diffused layer 16 
is formed through diffusion of ions of a dopant with a large 
mass such as indium (i.e., heavy ions). Also, the dopant 
with the large mass shows a small diffusion coefficient in 

25 its thermal equilibrium state. In addition, silicon inter- 
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stitials, which usually cause the transient enhanced diffu- 
sion, are trapped in the dislocation loop layer, and the num- 
ber of silicon interstitials decreases. As a result, the 
transient enhanced diffusion of the indium ions is much less 

5 likely to occur, and therefore, the junction of the pocket 
dopant diffused layer can be shallower. 

Furthermore, since the dopant diffusion itself is sup- 
pressed, the lateral dopant diffusion under the channel re- 
gion is also minimized. Accordingly, the reverse channel 

10 characteristic of the transistor is suppress ible, too. 

Extended high-concentration dopant layer 
with shallow junction 
The above-described pocket dopant layer 16 is formed, 
15 i.e., ions of a dopant with a large mass such as indium 
(i.e., heavy ions) are implanted. Accordingly, the surface 
region of the ion implanted layer is amorphized. For that 
reason, in a subsequent process step in which arsenic ions 
are implanted to form the extended high-concentration dopant 
20 diffused layer 15, channeling of the arsenic ions can be sup- 
pressed. 

In addition, silicon interstitials, which are created 
during the ion implantation and usually cause the transient 
enhanced diffusion, are trapped in the dislocation loop 
25 layer. As a result, the transient enhanced diffusion of the 
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arsenic ions is suppressible, and therefore, the junction of 
the extended high-concentration dopant diffused layer 15 can 
also be shallower. 

In this manner, by forming and utilizing the segregated 

5 parts in the pocket dopant diffused layer 16, the MIS tran- 
sistor according to this embodiment can include the pocket 
dopant diffused layer 16 with a shallow junction and the ex- 
tended high-concentration dopant diffused layer 15 with a 
shallow junction. 

10 In the foregoing embodiment, indium ions are implanted 

as exemplary dopant ions for the dopant diffused layer 13 to 
be a channel region. Alternatively, either boron ions or 
boron and indium ions may be used instead. 

Also, the foregoing embodiment is an n-channel MIS tran- 

15 sistor. Alternatively, a p-channel MIS transistor is also 
implement able. As for a p-channel MIS transistor, ions of a 
dopant with a large mass to be implanted for the pocket 
dopant diffused layer 16 may be either antimony ions or ions 
of a Group 3B element with a mass number greater than that of 

20 antimony. 

Hereinafter, a method for fabricating the MIS transistor 
according to an embodiment of the present invention will be 
described with reference to FIGS. 2(a) through 2(c) and FIGS. 
3(a) and 3(b) . 

25 First, as shown in FIG. 2(a), ions of a p-type dopant 
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(e.g., indium ions) are implanted into a semiconductor sub- 
strate 100 of p-type silicon at an implant energy of 200 keV 
and at an implant dose of about 1 X 10 12 /cm 2 , thereby forming a 
p-type-ion implanted layer. After this ion implantation proc- 

5 ess has been carried out, a first annealing process (i.e., 
rapid thermal annealing (RTA) ) is conducted. Specifically, 
the semiconductor substrate 100 is heated up to an elevated 
temperature between 950 °C and 1050 °C at a rate of 100 °C per 
second and then kept at the temperature for a short period of 

10 time between about 1 second and about 10 seconds. In this man- 
ner, a p-type dopant diffused layer 103, which will be a chan- 
nel region, is formed in a surface region of the semiconductor 
substrate 100. 

Next, as shown in FIG. 2(b), a gate electrode 102 
15 (thickness: about 250 nm) of polysilicon film or poly-metal is 
formed over the semiconductor substrate 100 with a gate insu- 
lating film 101 (thickness: about 2.5 nm) interposed therebe- 
tween . 

Subsequently, ions of a p-type dopant with a large mass 
20 (e.g., indium ions) are implanted into the semiconductor sub- 
strate 100 at an implant energy of 15 keV and at an implant 
dose of about 1 X l0 14 /cm 2 , for example, using the gate elec- 
trode 102 as a mask. The indium ions are implanted to form a 
pocket dopant diffused layer 16. However, when the indium 
25 ions are implanted, a first ion implanted layer, including an 
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amorphous layer in the upper region of the semiconductor sub- 
strate 100, is formed. Thereafter, ions of an n-type dopant 
(e.g., arsenic ions) are implanted into the semiconductor 
substrate 100 at an implant energy of 10 keV and at an im- 
plant dose of about 5 X 10 14 /cm 2 , for example, using the gate 
electrode 102 as a mask, thereby forming a second ion implant- 
ed layer as a prototype of an extended high-concentration 
dopant diffused layer 15. Subsequently, a second annealing 
process (i.e., RTA) is conducted. Specifically, the substrate 
100 is heated up to an elevated temperature between 950 °C and 
1050°C at a rate between 100°C per second and 150°C per second 
and then kept at the temperature for a short period of time 
between about 1 second and about 10 seconds. In this manner, 
as shown in FIG. 2(c), an n-type extended high-concentration 
dopant diffused layer 105 with a shallow junction is formed in 
respective regions of the semiconductor substrate 100 to be 
source/drain regions by diffusing the arsenic ions thereto. 
In addition, a p-type pocket dopant diffused layer 106 is also 
formed under the extended high-concentration dopant diffused 
layer 105 by diffusing the indium ions. 

Then, a silicon nitride film is deposited to a thickness 
of 50 nm, for example, over the entire surface of the semi- 
conductor substrate 100 and then etched anisotropically , 
thereby forming a sidewall 107 on the side faces of the gate 
electrode 102 as shown in FIG. 3(a). It should be noted that 
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the sidewall 107 may be formed out of a silicon dioxide film, 
instead of the silicon nitride film. 

Next, ions of an n-type dopant (e.g., arsenic ions) are 
implanted into the semiconductor substrate 100 at an implant 
5 energy of 30 keV and at an implant dose of about 3 x 10 15 /cm 2 
using the gate electrode 102 and sidewall 107 as a mask, 
thereby forming an n-type-ion heavily implanted layer. Subse- 
quently, a third annealing process (i.e., RTA) is conducted. 
Specifically, the substrate 100 is heated up to an elevated 

10 temperature between 950 °C and 1050 °C at a rate of 100 °C per 
second and then kept at the temperature for a short period of 
time between about 1 second and about 10 seconds. In this 
manner, an n-type high-concentration dopant diffused layer 
104, which will be source/drain regions of the semiconductor 

15 substrate 100 and has a junction at a level deeper than that 
of the pocket dopant diffused layer 106, is formed as shown in 
FIG. 3<b). 

FIG. 4(a) illustrates a relationship between the dis- 
tance as measured from the substrate surface and the dopant 

20 concentrations just after indium and arsenic ions (i.e., ions 
for forming the pocket and extended high-concentration dopant 
diffused layers 106 and 105) have been implanted in the proc- 
ess step shown in FIG. 2(c). FIG. 4(b) illustrates a rela- 
tionship between the distance as measured from the substrate 

25 surface and the dopant concentrations where the second an- 
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nealing process is conducted after the indium and arsenic 
ions have been implanted. 

In this embodiment, the indium ions are implanted at an 
implant dose of about 1 X 10 14 /cm 2 . Accordingly, an amor- 
5 phous /crystalline interface is formed inside the semiconduc- 
tor substrate 100 as shown in FIG. 4(a). As being affected 
by the mass of indium, the amorphous /crystalline interface is 
not formed in the vicinity of a peak of the concentration 
(i.e., the range Rp) of the indium implanted, but is located 

10 at a level deeper than the peak of concentration in the sub- 
strate. If the annealing process is conducted after this 
amorphous /crystalline interface has been formed, then the 
End-of-Range dislocation loop layer will be formed below the 
amorphous /crystalline interface (i.e., in the crystalline 

15 part). Accordingly, by activating the indium through the 
second annealing process, a segregated part will be created 
in the dislocation loop layer through segregation of indium. 
Thus, the dopant profile of the pocket dopant diffused layer 
106 does not expand vertically deeper into the substrate but 

20 sharpens, and the pocket dopant diffused layer 106 has a 
shallower junction. 

As described above, silicon interstitials , which usually 
cause the transient enhanced diffusion, are also trapped into 
the dislocation loop layer, thus suppressing the transient 

25 enhanced diffusion of the indium ions. Accordingly, the 
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dopant profile of the pocket dopant diffused layer 106 
sharpens and can have its junction defined at a shallower 
level . 

Also, in the extended high-concentration dopant diffused 
5 layer 105 located closer to the surface of the substrate than 
the pocket high-concentration dopant layer 106 is, channeling 
of the arsenic ions is suppressed by the amorphous layer that 
has been formed by the indium ions implanted. Thus, an ion 
implanted layer with a shallower junction depth can be 
10 formed. 

Furthermore, silicon interstitials , which usually cause 
the transient enhanced diffusion, are also trapped into the 
dislocation loop layer, thus suppressing the transient en- 
hanced diffusion of the arsenic ions, too. Accordingly, the 

15 dopant profile of the extended high-concentration dopant dif- 
fused layer 105 sharpens and can have its junction defined at 
a shallower level. 

As can be seen, according to this embodiment, even if 
the transistor is miniaturized, decrease in drain current can 

20 be suppressed and the driving power of the transistor can be 
increased. 

In the foregoing embodiment, the indium ions are im- 
planted at an implant dose of about ixi0 14 /cm 2 . However, if 
the ions are implanted at an implant dose of 5 X 10 13 /cm 2 or 
25 more (preferably !Xi0 16 /cm 2 or less), then the amorphous layer 
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can be formed inside the semiconductor substrate 100 and the 
segregated parts of indium can be formed in the pocket dopant 
diffused layer 106. 

Also, in this embodiment, the indium and arsenic ions 
5 are implanted at implant energies of 15 keV and 10 keV for 
the pocket dopant diffused layer 106 and extended high- 
concentration dopant diffused layer 105, respectively. Ac- 
cordingly, the range (Rp{In)) of the indium ions becomes al- 
most equal to the range (Rp(As)) of the arsenic ions, and 

10 therefore, the ranges (Rp(In), Rp(As)) shown in FIG. 4(a) can 
be obtained. By adjusting the ranges of the indium and ar- 
senic ions in this manner, the amorphous /crystalline inter- 
face can be located at a level deeper than the peak of 
concentration of the arsenic ions and yet is not located so 

15 far away from the extended high-concentration dopant layer 
105. As described above, the amorphous /crystalline interface 
is formed by the indium ions implanted at a level deeper than 
the range (Rp{In)) of the indium ions. Accordingly, in form- 
ing the pocket dopant diffused layer 106, the implant energy 

20 of the indium ions should be determined in view of this re- 
sult. 

Normally the pocket dopant diffused layer 106 is formed 
under the extended high-concentration dopant diffused layer 
105 and the range is adjusted to such a value as locating the 
25 peak of the concentration profile just under the extended 
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high-concentration dopant layer 105. According to this em- 
bodiment, however, when the indium ions are implanted, the 
amorphous /crystalline interface is not formed in the vicinity 
of the range (Rp(In)) of the indium ions but is located at a 

5 deeper level. Thus, the range (Rp(In)) of the indium ions is 
set relatively shallow. The conditions of setting are as de- 
scribed above. As shown in FIG. 4(b), the segregated part of 
indium is formed on the crystalline part under the amor- 
phous/crystalline interface. As a result, a pocket dopant 

10 diffused layer 106 with a shallow junction can be formed. 

In this embodiment, the ranges of indium and arsenic are 
set approximately equal to each other (i.e., to Rp shown in 
FIG. 4(a)) as shown in FIG. 4(a). However, the relationship 
between the range (Rp(In)) of the indium ions implanted and 

15 the range (Rp(As)) of the arsenic ions implanted may be given 
by 

Rp(ln) ^Rp(As) X3.5 
That is to say, by setting Rp(In) 3.5 times or less as large 
as Rp(As), it is possible to prevent the segregated part of 

20 indium from being formed at a level far away from the profile 
of the extended high-concentration dopant diffused layer 105 . 
As a result, the profile (i.e., the segregated part) of the 
pocket dopant diffused layer 106 can overlap with that of the 
extended high-concentration dopant layer 105 as shown in FIG. 

25 4(b). 
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Also, if the implant energy of the indium ions to be in- 
troduced for the pocket dopant diffused layer 106 is adjusted 
so that the amorphous /crystalline interface will be deeper 
than the range of the arsenic ions to be introduced for the 
5 extended high-concentration dopant diffused layer 105 but 
shallower than the range of the arsenic ions to be introduced 
for the high-concentration dopant diffused layer 104 (that 
will be source/drain regions), then the dislocation loop 
layer will not be located in the depletion layer of the sour- 

10 ce or drain region. Thus, the junction leakage of the tran- 
sistor can be reduced. If this dislocation loop layer is 
covered with the depletion layer, which is created in the 
source or drain region during the operation of the transis- 
tor, then a leakage current will flow between the source or 

15 drain region and the substrate due to the defects . In this 
embodiment, however, the defect layer is positioned so as not 
to overlap with the depletion layer. Thus, no junction leak- 
age will occur. 

If the implant energy of the indium ions to be intro- 

20 duced for the pocket dopant diffused layer 106 is set within 
a range from 5 to 3 0 keV, then the range of the indium ions 
will be located inside the extended high-concentration dopant 
diffused layer 105. Accordingly, the dislocation loop layer 
and the segregated part of indium can be formed inside the 

25 pocket dopant diffused layer 106. 
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Moreover, in this embodiment, the p-type dopant diffused 
layer 103 to be a channel region is formed by implanting ions 
of indium with a large mass into the p-type semiconductor 
substrate 100. Thus, the dopant concentration is low in the 
5 uppermost part of the channel region that is closest to the 
surface of the substrate. Accordingly, even if the transis- 
tor is downsized, the carrier mobility will not decrease and 
a sharp dopant concentration can be obtained in part of the 
channel region that is slightly deeper than the surface of 

10 the substrate. As a result, the transistor can be miniatur- 
ized without decreasing the driving power thereof. 

Furthermore, the annealing process (RTA) is conducted 
immediately after the ions of indium with a large mass have 
been implanted to form the channel region. Thus, the damage 

15 done on the crystals of the semiconductor substrate 100 as a 
result of the implantation of the indium ions can be healed. 

Also, in this embodiment, after the indium and arsenic 
ions have been implanted in this order at respectively appro- 
priate implant energies, rapid thermal annealing is conducted 

20 as the second annealing process, thereby forming the extended 
high-concentration dopant diffused layer 105 and pocket 
dopant diffused layer 106. Accordingly, the silicon inter- 
stitials, which remain in excessive numbers in the crystal- 
line layer, are trapped into the dislocation loop layer that 

25 is formed near the amorphous /crystalline interface. For that 
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reason, the number of excessive silicon interstitials , which 
usually promote the transient enhanced diffusion of dopant 
ions, can be reduced. As a result, the transient enhanced 
diffusion can be suppressed while the extended high- 
5 concentration dopant diffused layer 105 and pocket dopant dif- 
fused layer 106 are being formed. And these layers can have 
shallower junctions. 

In this embodiment, by using indium with a large mass 
number for the ion implantation process carried out to form 

10 the pocket dopant diffused layer 106, the pre-amorphization 
effects are attainable as described above. In addition, the 
silicon interstitials will be automatically trapped into the 
dislocation loop layer. Furthermore, since indium also tends 
to be trapped and strongly segregated in the dislocation loop 

15 layer, significant diffusion toward the low concentration part 
of the pocket dopant diffused layer 106 (i.e., a tail part of 
the dopant profile) is suppress ible. Thus, the pocket dopant 
diffused layer 106 can have a shallow and steeper profile. 
Moreover, once such a sharp profile is obtained by suppressing 

20 the excessive diffusion of the pocket dopant diffused layer 
106, the diffusion of indium toward the channel can also be 
minimized. As a result, the reverse channel effects are avoid- 
able. 

In the method for fabricating a semiconductor device ac- 
25 cording to this embodiment, both the extended high- 



concentration dopant layer 105 and pocket dopant diffused 
layer 106 can be shallowed and sharpened. Accordingly, it is 
possible to avoid a situation where only the pocket dopant 
diffused layer 106 of indium gets shallowed, sharpened and 
5 buried in the extended high-concentration dopant diffused 
layer 105. 

In the foregoing embodiment, indium ions are implanted 
for the dopant diffused layer 103 to be a channel region. Al- 
ternatively, either boron ions or boron and indium ions may be 

10 implanted instead. 

Also, the second annealing process (i.e., the process 
step shown in FIG. 2(c)) may be omitted. In that case, by 
conducting the third annealing process (i.e., the process step 
shown in FIG. 3(b)), the n-type extended high-concentration 

15 dopant diffused layer 105, p-type pocket dopant diffused layer 
106 and high-concentration dopant diffused layer 104 can be 
formed at a time. 

Furthermore, the foregoing embodiment is an n-channel 
MIS transistor. Alternatively, a p-channel MIS transistor is 

20 also implementable . As for a p-channel MIS transistor, anti- 
mony ions are preferably implanted as dopant ions for the 
pocket dopant diffused layer 106. 
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WHAT IS CLAIMED IS: 

1. A semiconductor device comprising: 

a gate electrode formed over a semiconductor region with 
a gate insulating film interposed therebetween; 

an extended high-concentration dopant diffused layer of 
a first conductivity type that has been formed in part of the 
semiconductor region beside the gate electrode through diffu- 
sion of a first dopant; and 

a pocket dopant diffused layer of a second conductivity 
type that has been formed under the extended high- 
concentration dopant diffused layer through diffusion of heavy 
ions , 

wherein the pocket dopant diffused layer includes a seg- 
regated part that has been formed through segregation of the 
heavy ions. 

2. A semiconductor device according to claim 1, wherein 
the segregated part of the pocket dopant diffused layer over- 
laps with a profile of the extended high-concentration dopant 
diffused layer. 

3. A semiconductor device according to claim 1, further 
comprising: 

a sidewall formed on side faces of the gate electrode; 

and 
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a high-concentration dopant diffused layer of the first 
conductivity type, which has been formed in part of the semi- 
conductor region beside the sidewall to come into contact with 
an outer periphery of the extended high-concentration dopant 
diffused layer, has a junction deeper than that of the extend- 
ed high-concentration dopant diffused layer and has been 
formed through diffusion of a second dopant. 

4. A semiconductor device according to claim 1, further 
comprising a dopant diffused layer, which has been formed in 
part of the semiconductor region under the gate electrode 
through diffusion of a third dopant and will be a channel re- 
gion. 

5. A semiconductor device according to claim 1, wherein 
the heavy ions are indium ions. 

6. A method for fabricating a semiconductor device, com- 
prising: 

a first step of forming a gate electrode over a semicon- 
ductor region with a gate insulating film interposed therebe- 
tween ; 

a second step of implanting heavy ions into the semicon- 
ductor region using the gate electrode as a mask, thereby 
forming a first ion implanted layer, at least upper part of 
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which is an amorphous layer; 

a third step of implanting ions of a first dopant into 
the semiconductor region, in which the amorphous layer has 
been formed, using the gate electrode as a mask, thereby 
forming a second ion implanted layer of a first conductivity 
type; and 

a fourth step of conducting a first annealing process to 
activate the first and second ion implanted layers, thereby 
forming an extended high-concentration dopant diffused layer 
of the first conductivity type through diffusion of the first 
dopant and a pocket dopant diffused layer, which is located 
under the extended high-concentration dopant diffused layer, 
through diffusion of the heavy ions, respectively, 

wherein the pocket dopant diffused layer includes a seg- 
regated part that has been formed through segregation of the 
heavy ions. 

7 . A method for fabricating a semiconductor device ac- 
cording to claim 6, wherein the segregated part of the pocket 
dopant diffused layer overlaps with a profile of the extended 
high-concentration dopant diffused layer. 

8. A method for fabricating a semiconductor device ac- 
cording to claim 6, further comprising the steps of: 

forming a sidewall on side faces of the gate electrode 
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after the third step has been performed; 

implanting ions of a third dopant into the semiconductor 
region using the gate electrode and the sidewall as a mask, 
thereby forming a third ion implanted layer of the first con- 
ductivity type; and 

conducting a second annealing process to activate the 
third ion implanted layer, thereby forming a high- 
concentration dopant diffused layer of the first conductivity 
type, which is located outside of the extended high- 
concentration dopant diffused layer, has a junction deeper 
than that of the extended high-concentration dopant diffused 
layer and has been formed through diffusion of a second 
dopant . 

9. A method for fabricating a semiconductor device ac- 
cording to claim 8, wherein the heavy ions are implanted at 
such an implant energy as forming an amorphous /crystalline in- 
terface, through implantation of the heavy ions, at a level 
equal to or deeper than a range of the first dopant and shal- 
lower than a range of the first dopant. 

10. A method for fabricating a semiconductor device ac- 
cording to claim 6, further comprising the steps of: 

implanting ions into a surface part of the semiconductor 
region, thereby forming a fourth ion implanted layer of a sec- 
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ond conductivity type before the first step is performed; and 

conducting a third annealing process to activate the 
fourth ion implanted layer, thereby forming a dopant diffused 
layer to be a channel region. 

11. A method for fabricating a semiconductor device ac- 
cording to claim 6 , wherein the heavy ions are implanted at 
such an implant energy as getting a range of the first dopant 
located inside the extended high-concentration dopant diffused 
layer. 

12. A method for fabricating a semiconductor device ac- 
cording to claim 6 , wherein the heavy ions are implanted at 
such an implant energy as making a range of the heavy ions 
equal to or deeper than a range of the first dopant and three 
times or less as deep as the range of the first dopant. 

13. A method for fabricating a semiconductor device ac- 
cording to claim 6, wherein the heavy ions are indium ions. 

14. A method for fabricating a semiconductor device ac- 
cording to claim 6, wherein an implant dose of the indium 
ions is 5Xl0 13 /cm 2 or more. 

15. A method for fabricating a semiconductor device ac- 
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cording to claim 6, wherein the first annealing process is a 
rapid thermal annealing process in which the semiconductor re- 
gion is heated up to a temperature between 950°C and 1050°C at 
a rate between 100°C per second and 150°C per second and then 
kept at the temperature for a period of time between 1 second 
and 10 seconds. 
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ABSTRACT OF THE DISCLOSURE 

A gate electrode is formed over a semiconductor' region 
with a gate insulating film interposed therebetween. An ex- 
tended high-concentration dopant diffused layer of a first 

5 conductivity type is formed in part of the semiconductor re- 
gion beside the gate electrode through diffusion of a first 
dopant. A pocket dopant diffused layer of a second conductiv- 
ity type is formed under the extended high-concentration 
dopant diffused layer through diffusion of heavy ions. The 

10 pocket dopant diffused layer includes a segregated part that 
has been formed through segregation of the heavy ions. 
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